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TITLE OF THE INVENTION 

IMAGE FORMATION APPARATUS HAVING INTERMEDIATE TRANSFER 
MEMBER AND ELECTRICALLY GROUNDED CONTACT MEMBER DISPOSED IN 
CONTACT WITH INTERMEDIATE TRANSFER MEMBER BETWEEN PRIMARY 
TRANSFER PORTION AND SECONDARY TRANSFER PORTION 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an image 
formation apparatus such as a printer, a photocopier, a 
facsimile machine, and the like, and specifically to an 
image formation apparatus employing a method wherein plural 
toner images each formed on an image holding member first 
are transferred by respective primary transfer operations 
onto an intermediate transfer member, superposed one on 
another, and then are transferred by a single secondary 
transfer operation onto a recording medium. 
Description of the Related Art 

[0002] Fig. 5 illustrates a conventional image formation 
apparatus and technique wherein toner images are transferred 
using an intermediate transfer member. 

[0003] The surface of a photosensitive drum 1 is evenly 
charged by a charging roller 2, and then subjected to laser 



irradiation according to image information by an exposure 
device 3 # thereby forming an electrostatic latent image 
thereon. The electrostatic latent image is developed (image 
manifestation) as a toner image t by toner having a charge 
(charged toner) being electrostatically adhered thereto by a 
developing device 4 . 

[0004] The toner image t on the photosensitive drum 1 is 
transferred in a primary transfer operation onto an 
intermediate transfer belt 5 (intermediate transfer member) 
at a primary transfer position (primary transfer nip) Tl by 
a primary transfer roller 6. This intermediate transfer 
belt 5 is reeved over a driving roller 21, a tension roller 
22, and a secondary transfer inner roller 23. The toner 
image t on the intermediate transfer belt 5 is 
electrostatically transferred in a secondary transfer 
operation onto a recording medium P at a secondary transfer 
position (secondary transfer nip) T2 by a secondary transfer 
outer roller 24. The recording medium is transported into 
the secondary transfer position (nip) at a predetermined 
timing coinciding with the toner image t. 

[0005] The recording medium P upon which the toner image 
t is transferred then is transported toward a fixing device 
9 in the direction indicated by the arrow Kl, and heated and 
pressed by the fixing device 9, whereby the toner image t is 
fixed onto the surface of the recording medium P. 
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[0006] Residual toner on the photosensitive drum 1 
following the primary transfer operation is removed by a 
cleaning device 7, and residual toner on the intermediate 
transfer belt 5 following the secondary transfer operation 
5 is removed by a intermediate transfer member cleaner 10. 

[0007] In an image formation apparatus using the above- 
described intermediate transfer method, the back side 
(interior facing side) of the intermediate transfer belt 5 
is charged with reverse polarity relative to the charge 

10 polarity of the toner, in order to hold the charged toner on 

the surface of the intermediate transfer belt 5- That is to 
say, as shown in Fig. 6, in order to hold the charged toner 
at a negative polarity, for example, a positive charge 
applied to the back side of the intermediate transfer belt 5 

15 electrostatically affects/holds the charged toner to the 

front surface of the intermediate transfer belt 5. 
[0008] If the amount of charge on the back side of the 
intermediate transfer belt 5 varies (increases or decreases), 
the toner on the front side surface of the intermediate 

20 transfer belt 5 is electrostatically disturbed, which can 

result in unsuitable (degraded) images. 

[0009] In such a case, as shown in Fig. 7, when line 
drawings or the like are formed on the intermediate 
transfer belt 5 as the belt 5 is passed through the primary 
25 transfer portion Tl , marked scattering of toner occurs in 



front and back of the original line in the direction of 
travel (es) as the belt 5 approaches and passes the driving 
roller 21, which is the first contact member after 
(downstream of) the primary transfer position. As shown in 
5 Fig. 7, scattering of toner upstream and downstream of the 

line drawing becomes worse both before and after passing 
over the driving roller 21. Such scattering causes a 
widening of the line drawing in the direction of travel of 
the belt 5. 

10 [0010] As shown in Fig. 8, a tension roller 22 over which 

the intermediate transfer belt 5 is reeved allows the charge 
on the back side of the intermediate transfer belt 5 to be 
diffused, thereby causing scattering of the toner particles 
held on the surface of the intermediate transfer belt 5. 

15 [0011] Specifically, the charged back side of the 

intermediate transfer belt 5 comes into contact with the 
tension roller 22, which is electrically grounded, whereby 
charge escapes to ground. If a substantial amount of the 
charge on the back side of the intermediate transfer belt 5 

20 escapes to ground, the amount of charge on the back side of 

the intermediate transfer belt 5 is less than the total 
amount of charge of the toner particles electrostatically 
drawn to the intermediate transfer belt 5, such that the 
force drawing the toner particles thereto is reduced, and 

25 toner particles scatter due to electrostatic repellence 



between the toner particles, resulting in this phenomenon. 
[0012] On the other hand, Japanese Patent Laid-Open No. 
2000-298408 and USP No. 6,298,212 disclose structures and 
methods in which a contact member which the intermediate 
transfer belt first comes into contact with after passing 
through the primary transfer position (such as a tension 
roller disposed immediately downstream of the primary 
transfer position in the moving direction of the 
intermediate transfer belt) controls the charge on the back 
side of the intermediate transfer belt 5 so that toner 
particles held thereon do not scatter. 
[0013] Specifically, the following methods and 
arrangements are disclosed. 

(1) The first contact member is grounded through a 
resistor with a high value. 

(2) A high resistive layer (insulating layer) is 
provided on the surface layer of the first contact member. 

(3) The first contact member is not grounded, thereby 
preventing exchange (drain) of charges. 

(4) Applying a bias having the same polarity as the 
primary transfer to the first contact member, thereby 
holding the charge on the back side of the intermediate 
transfer belt 5. 

[0014] However, the above -described means also have the 
following shortcomings . 



[0015] (1) In the event of the first contact member being 
grounded through a resistor with a high value, providing the 
resistor with a high value leads to increased costs, and may 
also complicate the configuration in comparison with 
arrangements grounded without the resistor having a high 
value . 

[0016] (2) In the event of providing a high resistive 
layer (insulating layer) on the surface of the first contact 
member, the insulating layer may peel off or become worn 
after long-time use, such that scattering of toner cannot be 
prevented in a reliable and stable manner for long-time use. 
[0017] (3) In the event of the first contact member being 
not grounded, when continuously forming a great number of 
images, such as dozens to several hundred of images, the 
first contact member becomes charged up to several kV, which 
could damage the electric system of the image formation 
apparatus due to discharge of accumulated charge. 
[0018] (4) In the event of applying a bias having the 
same polarity as the primary transfer to the first contact 
member, the configuration and control of the image formation 
apparatus may become complicated. 



SUMMARY OF THE INVENTION 



[0019] Accordingly, it is an object of the present 
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invention to provide an image formation apparatus capable of 
continuously forming images having high quality, while 
effectively preventing toner held on an intermediate 
transfer member from scattering, with a simple configuration. 
5 [0020] In order to achieve the above objects, an image 

formation apparatus comprises : image formation means for 
forming toner images on an image holding member; primary 
transfer means for transferring toner images formed on the 
image holding member onto an intermediate transfer member at 

10 a primary transfer portion; secondary transfer means for 

transferring toner images on the intermediate transfer 
member onto a recording medium at a secondary transfer 
portion; and a contact member which is electrically grounded 
and first contacts the intermediate transfer member 

15 downstream of the primary transfer portion in the moving 

direction of the intermediate transfer member, wherein the 
following relation is satisfied: 

-2.0 <; In (Vtr) - L / (s x logp) <; -1.0 
where: L (mm) represents the distance from the primary 

20 transfer portion to a position where the contact member 

first contacts the intermediate transfer member, Vtr (V) 
represents the absolute value of a voltage applied to the 
primary transfer means, s (mm/sec) represents the moving 
speed of the intermediate transfer member, and p (£2/D) 

25 represents the surface resistivity of the intermediate 
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transfer member. 

[0021] Further objects, features and advantages of the 
present invention will become apparent from the following 
description of the preferred embodiments with reference to 
5 the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] Fig. 1 is a vertical cross-sectional diagram 
10 illustrating a schematic configuration of an image formation 

apparatus according to the present invention. 

[0023] Fig. 2 is an explanatory diagram describing a 

configuration close to a primary transfer portion and 

driving roller (contact member), and conditions thereof. 
15 [0024] Fig. 3 is an explanatory diagram describing a 

state wherein an intermediate transfer belt is peeled off 

from the grounded driving roller. 

[0025] Fig. 4A is a diagram illustrating a state wherein 
charge is neutralized at a high peeling off speed of the 
20 intermediate transfer belt. 

[0026] Fig. 4B is a diagram illustrating a state wherein 
charge is neutralized at a low peeling off speed of the 
intermediate transfer belt . 

[0027] Fig. 5 is a vertical cross-sectional diagram 
25 illustrating a schematic configuration of a conventional 



image formation apparatus . 

[0028] Fig. 6 is a diagram illustrating a state wherein 
charged toner is electrostatically held on the intermediate 
transfer belt. 

[0029] Fig. 7 is a diagram illustrating the widening of a 
line drawing in the event of the intermediate transfer belt 
coming into contact with the driving roller and in the event 
of passing over the driving roller. 

[0030] Fig. 8 is an explanatory diagram describing a 
state wherein toner on the surface of the intermediate 
transfer belt scatters due to a driving roller that is 
grounded coming into contact with the back side of the 
intermediate transfer belt. 

[0031] Fig. 9 is a table illustrating characteristics of 
widening of a line drawing in the event of changing surface 
resistivity of the belt, primary transfer bias, inter-axial 
distance, processing speed, and attenuance. 

[0032] Fig. 10 is a table illustrating characteristics of 
widening of a line drawing in the event of changing surface 
resistivity of the belt, diameter of the driving roller, and 
winding angle. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0033] An embodiment according to the present invention 
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will now be described with reference to the drawings . 
[0034] In the disclosed embodiments, the dimensions, 
materials, shapes, relative disposition, etc., of the 
components described herein, are not intended to restrict 
the scope of the present invention, unless specifically 
indicated. Also, the dimensions, materials, etc., of 
members described are to be understood to be the same 
throughout the various descriptions, unless specifically 
indicated to be otherwise. Moreover, components with the 
same reference numerals throughout drawings have the same 
configuration or perform the same operation, and thus 
redundant descriptions regarding these components have been 
omitted. 

<First Embodiment > 

[0035] Fig. 1 illustrates an image formation apparatus 
according to a first embodiment as an example of the image 
formation apparatus according to the present invention. The 
image formation apparatus shown in the drawing is a four- 
color full color image formation apparatus employing the 
electrophotography method, and the drawing is a vertical 
cross-sectional drawing illustrating the schematic 
configuration thereof. The configuration and operations of 
the overall image formation will be described with reference 
to this drawing. 

[0036] The image formation apparatus shown in the drawing 
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comprises four (four-color) image formation stations, i.e., 
image formation stations Y, M, C and K, for forming 
corresponding toner images of yellow, magenta, cyan and 
black, respectively. Each color toner image formed at these 
image formation stations Y, M, C and K is transferred in a 
primary transfer operation onto an intermediate transfer 
belt 5 so as to be overlaid (superposed), operation after 
which the superposed toner images are transferred in a 
single secondary transfer operation onto a recording medium 
P, such as a paper sheet; fixing of the secondary- 
transferred four-color toner image(s) yields four-color full 
color images . 

[0037] The image formation stations Y, M, C and K 
comprise drum- type photosensitive members 1Y, 1M, 1C and IK 
respectively, as image holding members (referred to as 
"photosensitive drums", hereafter). Each of the 
photosensitive drums 1Y, 1M, 1C and IK is configured with a 
cylindrical outer circumferential face made of aluminum and 
having an outer diameter of 30 mm coated with OPC (Organic 
Photo Conductor) as a photosensitive layer. The surface of 
each photosensitive drum 1Y, 1M, 1C and IK is evenly charged 
by a respective charging roller (charging means) 3Y, 3M, 3C 
and 3K, and subjected to laser irradiation from a respective 
exposure device 2Y, 2M, 2C and 2K, thereby forming an 
electrostatic latent image of each color. 
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[0038] Electrostatic latent images formed on the 
photosensitive drums 1Y # 1M, 1C and IK are developed as 
toner images, where developing devices 4Y, 4M, 4C and 4K 
respectively store yellow, magenta, cyan and black toner and 
5 adhere/apply corresponding colored toner particles on the 

electrostatic latent images formed on the photosensitive 
drums . 

[0039] Intermediate transfer belt 5 is an intermediate 
transfer member disposed below the four image formation 

10 stations Y, M, C and K. The intermediate transfer belt 5 is 

reeved around on a driving roller (first contact member) 21, 
a tension roller 22, and a secondary transfer inner roller 
23, and is rotated and driven in the direction shown by the 
arrow R5, by driving the driving roller 21 in the clockwise 

15 direction. Primary transfer rollers 6Y, 6M, 6C and 6K are 

disposed on the interior side of the intermediate transfer 
belt 5 at positions corresponding to the photosensitive 
drums 1Y, 1M, 1C and IK. Each of the primary transfer 
rollers 6Y, 6M, 6C and 6K presses the intermediate transfer 

20 belt 5 toward the surface of a respective photosensitive 

drum 1Y, 1M, 1C and IK, thereby forming respective primary 
transfer positions (primary transfer nips) Tl between the 
photosensitive drums 1Y, 1M, 1C and IK, and the intermediate 
transfer belt 5. A secondary transfer outer roller 24 is 

25 disposed on the exterior side of the intermediate transfer 



belt 5 at a position corresponding to the secondary transfer 
inner roller 23. The intermediate transfer belt 5 forms a 
secondary transfer position (secondary transfer nip) T2 
between the intermediate transfer belt 5 and the secondary 
transfer outer roller 24, where the secondary transfer inner 
roller 23 presses the intermediate transfer belt 5 against 
the secondary transfer outer roller 24. 

[0040] A transfer bias having a polarity reverse to each 
color toner is applied toward the primary transfer rollers 
6Y, 6M, 6C and 6K, so as to successively perform primary 
transfer operations for each of the color toner images 
formed on the above-described photosensitive drums 1Y, 1M, 
1C and IK onto the intermediate transfer belt 5 at the 
corresponding primary transfer position Tl . Thus, four one- 
color toner images are overlaid (superposed one on another) 
on the intermediate transfer belt 5. After the toner images 
are transferred, residual toner on the surface of the 
photosensitive drums 1Y, 1M, 1C and IK (residual toner after 
primary transfer) is removed by cleaning devices 7Y, 7M, 7C 
and 7K, so that the photosensitive drums can be employed in 
a successive toner image formation operation. 
[0041] Four-color toner images overlaid on the above- 
described intermediate transfer belt 5 are transported to 
the secondary transfer position T2 by rotation of the 
intermediate transfer belt 5 in the direction of arrow R5. 
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A recording medium P (e.g., paper or transparent film) 
stored in a paper feeding cassette 11 or paper feeding 
cassette 12, is fed by a paper feeding roller 13 or paper 
feeding roller 14, and transported to a resist roller 15, 
e.g., by a guide path including transporting rollers (not 
numbered) . The recording medium P is supplied to the 
secondary transfer position T2 by the resist roller 15 so as 
to synchronize timing with the four- color toner image on the 
intermediate transfer belt 5. As the recording medium P 
passes through the secondary transfer position T2 , transfer 
bias is applied between the secondary transfer inner roller 
23 and the secondary transfer outer roller 24, thereby 
performing a secondary transfer operation of the four- color 
toner image on the intermediate transfer belt 5 onto the 
recording medium P. 

[0042] After the four-color toner image is transferred to 
the recording medium P, the recording medium P is 
transported to a fixing device 9, where it is heated and 
pressed between a fixing roller 9a and pressure roller 9b so 
as to fix the four-color toner image on the surface of the 
recording medium. Thus, a four-color full color image is 
formed. After a four-color toner image is transferred, the 
residual toner on the surface of the intermediate transfer 
belt 5 (residual toner after secondary transfer) is removed 
by an intermediate transfer cleaner 10, so that the 



intermediate transfer belt 5 can be employed in a successive 
image formation operation. 

[0043] Toner supply containers 8Y, 8M, 8C and 8K store 
toner to be supplied to the respective color developing 
devices 4Y, 4M, 4C and 4K. 

[0044] Next, a configuration of each member and so forth 
and conditions for image formation will be described with 
regard to an image formation station Y for forming yellow 
toner images. Note that the other color image formation 
stations M, C and K have the same configuration as the 
yellow image formation station Y, so detailed descriptions 
regarding these elements are omitted as appropriate. 
[0045] The yellow developing device 4Y transports toner 
to a developing sleeve 42 while stirring toner with a toner 
transporting mechanism within a developer container 41 shown 
in Fig. 1, and coats the circumference of the developing 
sleeve 42 with a thin layer of toner with a controlling 
blade pressed and adhered to the circumference of the 
developing sleeve 42. The toner particles become charged 
due to the above -described stirring, transporting and 
controlling actions. Applying developing bias, wherein AC 
bias is superimposed on DC bias, to the developing sleeve 42, 
causes charged toner particles to adhere to an electrostatic 
latent image which has been formed on the photosensitive 
drum 1Y, so as to develop the electrostatic latent image. 
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The above -de scribed developing sleeve 42 is disposed at a 
position facing the photosensitive drum 1Y with a minute 
distance (approximately 300 i*m) therebetween. 
[0046] In the present embodiment, the potential of the 
5 photosensitive drum 1Y, the potential of the developing 

sleeve 42 , and the potential applied to the primary transfer 
roller 6Y are set as described below. 

[0047] In an environment having a temperature of 23° C and 
relative humidity of 50%Rh, applying alternating bias which 

10 superimposes an AC bias having a voltage alternating between 

peaks of 900 Vp-p on a DC bias of -450 V as to a charging 
roller 3Y controls the surface potential of the 
photosensitive drum 1Y so as to be -450 V. 
[0048] On the other hand, an alternating bias which 

15 superimposes AC components of voltage alternating between 

peaks of 1.2 kVp-p on a DC component of -300 V is applied to 
the developing sleeve 42. Note that the waveform of the AC 
components at this time is a blank pulse waveform, and a 
waveform wherein an AC waveform of 9 kHz is combined with a 

20 blank of 4.5 kHz is applied as the developing bias. 

[0049] When the exposure device 2Y exposes the 
photosensitive drum 1Y with light modulated in accordance 
with an image, portions where an electrostatic latent image 
is formed have as a maximum density image change to a light 

25 potential of -200 V. 



[0050] When a potential of +400 V is applied as the 
primary transfer bias to the primary transfer roller 6Y, the 
potential differential (primary transfer contrast) between 
the primary transfer roller 6Y and the light of the 
photosensitive drum 1Y changes to 600 V, With this primary 
transfer contrast, toner having a negative polarity on the 
photosensitive drum 1Y is transferred by a primary transfer 
operation onto the intermediate transfer belt 5. 
[0051] The intermediate transfer belt 5 comprises a 
polyimide resin film having a thickness of 85 p as a base 
member, which was subjected to resistance adjustment so that 
IxlO 12 Q/D in surface resistivity and lxlO 9 5 Q -cm in volume 
resistivity were satisfied by dispersing of Carbon Black. 
The circumferential length of the intermediate transfer belt 
5 is 895 mm, and the driving speed (processing speed) is 130 
mm/sec . 

[0052] The secondary transfer outer roller 24 is a sponge 
roller having a rubber foam layer, where a steel core having 
an outer diameter of 12 mm was subjected to foaming 
processing, employing NBR (nitrile-buitadiene rubber) as a 
base member, and the outer diameter including the NBR rubber 
layer was 24 mm. The secondary transfer outer roller 24 is 
subjected to resistance adjustment so that the resistance 
value of the roller is 107.5 Q (when applying 2 kV) under an 
environment having a temperature of 23° C and relative 
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humidity of 50%Rh by dispersing resistance adjuster with 
ionic conductance. 

[0053] In an image formation apparatus according to the 
present embodiment, respective primary transfer operations 
are performed at four primary transfer positions Tl for 
forming four- color component toner images yellow, magenta, 
cyan and black. Accordingly, in the present embodiment, the 
first contact member is the driving roller 21, which is 
positioned immediately downstream of the primary transfer 
position Tl (K) of the intermediate transfer belt 5. 
[0054] In an image formation apparatus according to the 
present embodiment, line drawing is formed in the thrust 
direction (direction of width, i.e. , direction orthogonal to 
rotating (moving) direction) of the intermediate transfer 
belt 5 employing black toner, thereby confirming whether or 
not there is scattering of toner. 

[0055] As described above, with regard to the image 
formation apparatus shown in Fig. 1, of the members which 
are disposed so as to come into contact with the 
intermediate transfer belt 5 downstream of the primary 
transfer position Tl of the black image formation station K 
farthest downstream in the rotating direction of the 
intermediate transfer belt 5, the member disposed closest to 
the black primary transfer position Tl is the driving roller 
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[0056] As shown in Fig. 2, the inter-axial distance 
between the primary transfer roller 6K of the black image 
formation station K and the driving roller 21 (distance from 
the primary transfer position Tl (K) to the position where 
5 the intermediate transfer belt first comes into contact with 

the driving roller) was L (mm) , the primary transfer bias 
applied to the primary transfer roller 6k was Vtr (kV) , the 
surface resistivity of the intermediate transfer belt 5 was 
p(Q/D), the processing speed of the intermediate transfer 

10 belt 5 was s (mm/sec), and the above-mentioned parameters 

were each set as shown in Fig. 9, so as to determine whether 
or not widening of the line drawing occurred immediately 
prior to the line drawing on the intermediate transfer belt 
5 reaching the driving roller 21. Note that the driving 

15 roller 21 employed at this time comprises an 

electroconductive metal, and is employed in a grounded state. 
[0057] Whether or not widening of line drawings occurred 
was confirmed with regard to each parameter setting for 14 
examples (Examples 1 through 5, Comparative Examples 1 

20 through 9) shown in Fig. 9. Fig. 9 shows whether or not 

widening of line drawings occurred, in three levels; none, 
negligible, and visible to an extent of causing image 
deterioration. Note that here. Examples 1 through 5 are 
combinations of parameters resulting in no problem, whereas 

25 Comparative Examples 1 through 9 are problematic 
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the potential of the front side of the primary transfer 
roller 6K. If the intermediate transfer belt 5 holds a high 
potential at a portion that first comes into contact with 
the grounded driving roller 21, discharge is caused between 
the intermediate transfer belt 5 and the driving roller 21, 
and it is thought that this leads to scattering of toner 
particles . 

[0061] Moreover, with regard to the inter-axial distance 
L between the primary transfer roller 6K and the driving 
roller 21, the shorter this distance becomes, the more 
serious the widening of line drawings becomes; also, the 
higher the processing speed becomes, the more serious the 
widening of line drawings becomes. It is thought that the 
potential of the back side of the intermediate transfer belt 
5 is attenuated until the intermediate transfer belt 5 
reaches the driving roller 21 after passing through the 
primary transfer position Tl, and consequently, suitably 
attenuating the potential of the back side so as to be less 
than the potential applied in the primary transfer position 
Tl within a range that toner images do not scatter, is 
advantageous to reduce scattering of toner. 

[0062] The potential of the back side of the intermediate 
transfer belt 5 is approximately equal to the potential of 
the primary transfer bias Vtr applied to the primary 
transfer roller 6K in the black image formation station K. 
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The time required to reach the driving roller 21 is 
represented as L/s (sec) employing the inter-axial distance 
L (mm) between the primary transfer roller 6K and the 
driving roller 21, and the processing speed s (mm/sec) of 
the intermediate transfer belt 5. Also, the property time 
in the event that the potential of the back side of the 
intermediate transfer belt 5 is attenuated until the 
intermediate transfer belt 5 reaches the driving roller 21, 
is regarded as approximately proportional to the surface 
resistivity p (Q/U) of the intermediate transfer belt 5. 
[0063] At this time, 

Vtr x exp" L/(sxlogp) 
is introduced as an indicator to represent how much the 
amount of attenuation is, and the naturalized logarithm of 
this indicator, 

In (Vtr) - L / ( s x logp), 
is defined as attenuance, wherein the absolute value of the 
primary transfer bias is used for Vtr. 

[0064] This attenuance is an indicator that represents 
how much the potential of the back side applied by the 
primary transfer roller 6K is attenuated toward ground 
potential, and in the event that this value is small, this 
means that the holding capability of the potential (charge) 
is high, so that scattering of toner by discharge upstream 
of the driving roller 21 readily occurs due to the high 



potential. On the other hand, in the event that this value 
is great, this means that the holding capability of 
potential (charge) is low, so the holding capability of 
toner due to the charge on the intermediate transfer belt 5 
deteriorates, and consequently, scattering of toner readily 
occurs . 

[0065] As will be understood from Fig. 9, when the 
attenuance is less than -1.0 but greater than -2.0, a 
configuration can be obtained where scattering of toner due 
to discharge generated on the back side of the intermediate 
transfer belt 5 upstream of the driving roller 21, and 
scattering of toner on the intermediate transfer belt 5 
because the intermediate transfer belt 5 cannot hold the 
charge on the back side thereof, can be prevented. 
[0066] Next, the intermediate transfer belt 5 was further 
transported, and it was determined whether or not widening 
of line drawings resulting from peeling off from the driving 
roller 21 occurred following a setting of the parameters as 
shown in Fig. 10. In this case, the parameters that were 
set were the surface resistivity p (Q/D) of the intermediate 
transfer belt 5, the diameter R (mm) of the driving roller 
21, and the winding angle 6 (deg) as to the driving roller 
21 of the intermediate transfer belt 5. 

[0067] Whether or not widening of line drawings occurred 
was determined with regard to each parameter setting for 12 
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examples (Examples 6 through 10, Comparative Examples 10 
through 16) shown in Fig. 10. Fig. 10 shows whether or not 
widening of line drawings occurred, in three levels; none, 
negligible, and visible to an extent of causing image 
deterioration. Note that Examples 6 through 10 are 
combinations of parameters resulting in no problem, and 
Comparative Examples 10 through 16 are problematic 
combinations of parameters resulting in some degree of image 
deterioration . 

[0068] Significant differences in occurrence of widening 
of line drawings were observed with regard to the above - 
described parameters , as well . 

[0069] That is to say, the greater the diameter of the 
driving roller 21 becomes, the more serious the widening of 
line drawings becomes (widening of line drawings becomes 
marked). This is because, as shown in Fig. 3, in the event 
that discharge occurs at a position (discharge gap g) where 
the intermediate transfer belt 5 peels off from the driving 
roller 21 downstream from the driving roller 21, discharge 
occurs at a vacant portion of the gap according to Paschen's 
law. In this case, if the diameter of the driving roller 21 
is increased, the curvature thereof is reduced, and 
consequently, the range of occurrence of discharge is 
widened, whereby discharge readily occurs. Accordingly, if 
a driving roller 21 having a large diameter is employed, the 
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range of occurrence of discharge due to peeling off is 
widened, and scattering of toner is made worse by discharge 
due to peeling off, and marked widening of line drawings is 
observed. 

5 [0070] On the other hand, if a driving roller 21 having 

an excessively small diameter is employed, widening of line 
drawing is marked, as well. As shown in Figs. 4A and 4B, in 
the event of peeling off, exchange of charge between contact 
members occurs, such that some of the charge is neutralized, 

10 thereby reducing the charge amount due to peeling off. As 

shown in Fig. 4A, in the event of a high peeling off speed, 
neutralization of the charge hardly occurs because the 
charge is prevented from moving, whereby the charge amount 
due to peeling off increases. If a roller has too small a 

15 diameter, the peeling off speed is higher, neutralization of 

charge hardly occurs, and peeling off is performed while 
holding a great charge, so discharge due to peeling off 
readily occurs. Accordingly, scattering of toner following 
discharge due to peeling off is thought to become even more 

20 marked unless a suitable diameter is selected for the 

driving roller 21. 

[0071] Moreover, If the surface resistivity of the 
intermediate transfer belt 5 is too high, or too low, 
widening of line drawing is marked. That is, if the surface 
25 resistivity of the intermediate transfer belt 5 is too high. 
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any charge due to the above-described peeling off hardly 
moves, and the charge is not subjected to neutralization, so 
peeling off is performed while holding too great a charge, 
and accordingly discharge due to peeling off readily occurs . 
On the other hand, if the surface resistivity is too low, 
discharge due to peeling off occurs following peeling off, 
even if some of the charge at a portion where discharge 
occurs is lost, relocation of the charge is immediately 
effected so as to absorb unevenness of charge on the surface 
of the intermediate transfer belt 5, and the charge density 
of the entire back side of the intermediate transfer belt 5 
is reduced, whereby scattering of toner occurs over a wide 
range. Accordingly, with the intermediate transfer belt 5, 
selecting an appropriate surface resistivity effectively 
avoids scattering of toner due to discharge owing to peeling 
off. 

[0072] Moreover, with regard to the winding angle 6, the 
smaller this value becomes, the more unstable driving 
transmission by the driving roller 21 becomes, and the 
greater the disturbance in movement of the belt at the 
region of discharge gap g in Fig. 3 becomes, which causes 
scattering of toner. Accordingly, the winding angle 6 is 
preferably a value equal to or greater than a value where 
stable transportation of the belt can be obtained. 
[0073] As described above, downstream of the driving 



roller 21, it is clear that a configuration which 
effectively suppresses discharge due to peeling off at the 
time the intermediate transfer belt 5 is peeling off from 
the driving roller 21, thereby preventing widening of line 
drawing from occurrence, satisfies 

20 <; logp x R x 6 / 360 <, 200. 
[0074] Also, as a preferable configuration wherein 
widening of line drawing can be prevented in a reliable 
manner, employing a configuration in the range satisfying 

160 <; logp x R x 0 / 360 <; 200 
can avoid scattering of toner by discharge due to peeling 
off in a reliable manner. 

[0075] Note that while the driving roller 21 has been 
described as being made of metal in the above -described 
experiment, the present invention is not restricted to this 
embodiment. For example, the same effects can be obtained 
with a configuration wherein an electroconductive rubber 
layer is provided on the surface of a metal roller. 
[0076] While the present invention has been described 
with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. To 
the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 
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the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions. 



